Lung cancer is the leading cause of cancer deaths in the world. Its major histopathological subtype is non-small cell lung cancer (NSCLC). Xiaoai Jiedu recipe (XJR) is a traditional Chinese medicine formula that can suppress growth and invasion of tumor cells. Here, we assessed the antitumor effect of XJR on NSCLC explored the underlying mechanisms.
Background
Lung cancer is the most common type of respiratory system cancer and is notorious for its dismal prognosis, with a 5-year overall survival rate under 15% [1, 2] . Non-small cell lung cancer (NSCLC) accounts for about 80% of lung cancer and its high morbidity and mortality pose a major public health challenge [3, 4] . Similar to other types of cancer cells, NSCLC cells are characterized by sustained proliferation and resistance to cell apoptosis [5] . Despite comprehensive treatment strategies, including surgery, radiotherapy, and targeted therapy, the prognosis is still poor [6] . Therefore, there is an urgent need for identification of novel alternative therapeutic drugs to improve clinical survival rates.
Sustained proliferation of cells is one of the characteristic features in the development and progression of many kinds of cancers, including bladder cancer, breast cancer, gastric cancer, and NSCLC [7, 8] . Apoptosis is a programmed cell death and is involved in numerous physiological and pathological processes, which can help to safeguard genomic integrity [9] . Therefore, the evasion of apoptosis is a prominent hallmark of cancer. Mounting evidence shows that dysregulation of apoptotic pathways can promote tumorigenesis [10, 11] . The abnormal expression of apoptosis-related proteins, including Bcl-2, Bax, cleaved caspase-3, and cleaved caspase-9, were reported in a number of cancer studies [12] . It has been well documented that the p38 MAPK signaling pathway participates in the process of apoptosis in NSCLC cells, and the inactivation of p38 MAPK signaling can inhibit proliferation and induce apoptosis during NSCLC [13, 14] .
Traditional Chinese herbs have a long history of being used in the treatment of malignant tumors, and can be important sources of chemical anticancer medicine and many chemotherapeutic agents [15, 16] . Xiaoai Jiedu recipe (XJR) is a classical formula consisting of 7 herbal Chinese medicines mixed in specific proportions: Hedyotis diffusa (20 g), Cremastra appendiculata (10 g), Bombyx batryticatus (10 g), Centipede (3 g), Akebia trifoliata Koidz (12 g), Radix pseudostellariae (15 g), and Radix ophiopogonis (12 g) [17] . A previous study reported that XJR could suppress the growth and invasion of tumor cells, possibly via affecting expressions of some genes in the chemokine signaling pathway [18] . However, the effect of XJR on NSCLC remains to be elucidated.
The aim of our study was to explore the effect of XJR on proliferation, apoptosis, and metastasis of human lung carcinoma cell line A549 cells and to clarify the possible underlying mechanisms by treatment with different concentrations of XJR.
Material and Methods

Preparation of medicated serum
Decoction and concentration were used to concentrate the XJR consisting of 9 traditional Chinese herbs in a certain proportion into 2 g/ml filtrate, which was stored for later use. We obtained 24 adult Sprague-Dawley rats (200-250 g) from Shanghai SLAC Laboratory Animal Company (Shanghai, China). Rats were housed in a suitable environment with 24±3°C and 12-h light/dark cycle. All animals were given free access to food and water and were allowed to acclimate to the environment for at least 3 days before the experiment. All rats were randomly divided into 4 groups: Control (NC), low (L, 3.78 g/kg), middle (M, 7.56 g/kg), and high (H, 15.12 g/kg). Rats gavaged twice a day for 2 days with the corresponding dose of XJR. Within 1-2 h after the last gavage, all animals were sacrificed and blood samples were collected and centrifuged to separate serum, which was sterilized by passing it through a 0.22-micron bacteria-retentive filter and then inactivated at 56°C for 30 min to remove serum complement. Medicated serum was stored at -20°C. Our study was performed according to the guidelines for the Care and Use of Laboratory Animals and was approved by the Ministry of Science and Technology of China. All of the study protocols were approved by the Ethics Committee on Animal Experiments of Nanjing Chest Hospital.
Cell culture and treatment
Human lung carcinoma cell line A549 cells were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and incubated in RPMI 1640 medium (Gibco, China) containing 10% fetal bovine serum (Gibco, New York, USA) and 1% penicillin/streptomycin (Invitrogen, New York, USA) in a humidified incubator at 37°C and 5% CO 2 . Cells were randomly divided into 4 groups -control, low, middle, and high -which were cultivated with medium containing different concentrations of drug serum.
Cell Counting Kit-8 (CCK-8) assay
A549 cells treated with medium containing different concentrations of drug serum were plated into 96-well plates (1×10 4 ) and then incubated at 37°C for 6 h. Cell viability was measured using CCK-8 assay (Shanghai Yi Sheng Biotechnology Co., China). At the indicated time points (24, 48 , and 72 h), CCK-8 (10 μl) solution was added to wells for another 4 h at 37°C. Optical density (OD) value was detected at 450 nm on a microplate reader (Thermo Scientific, Waltham, MA, USA).
Colony formation assay
A549 cells were plated in 6-well plates at the density of 600 cells and cells were allowed to grow at 37°C for 7-12 days until the colonies were visible. Cells were then fixed and stained with 0.2% crystal violet to count the number of cells.
Cell apoptosis assay
The cell apoptotic rate was measured with flow cytometry analysis. A549 cells (5×10 5 cells/plate) were plated in 6-well plates. The Annexin V-PE/7AAD Staining Cell Apoptosis Detection kit (KeyGEN Biotech, China) was used to measure apoptosis of A549 cells, which was analyzed using FlowJo software (Becton-Dickinson, San Jose, CA, USA). Results are presented as the percentage of cells in each phase.
Hoechst 33342 staining
Cells were cultivated with 3 doses of XJR for 48 h, then they were fixed with 4% paraformaldehyde for 15 min. Subsequently, cells were stained with Hoechst 33324 reagent (Beyotime, Shanghai, China) for 5 min. Fluorescence microscopy (IX53, Olympus, Tokyo, Japan) was used to observe dells at 400× magnification.
Cell invasion assay
The invasion ability of A549 cells was detected by Transwell assay performed in 24-well Transwell plates (Corning, NY, U.S.A.) with 8 μm-pore inserts coated with Matrigel (BD Biosciences, San Jose, CA). Cells were suspended in serum-free RPMI 1640 medium, and 200 µl suspension was added to the upper chamber. A total of 500 µl medium supplemented with 15% FBS was added to the lower chambers as a chemoattractant. Finally, the cells were stained with 1% crystal violet. Images were taken with a microscope (Zeiss, Oberkochen, Germany) and cells were counted in 5 randomly chosen fields.
Cell migration assay
The scratch wound healing assay was employed to evaluate the migration ability of A549 cells. Before the experiment started, cells (6×10 3 cells per well) were seeded into 6-well plates. By reaching a confluence of more than 75% for cultured cells, a 200-μl pipette tip was used to make a wound and then the floating cells were removed by washing with PBS. Then, the cells were incubated in serum-free RPMI 1640 medium and photographed with a camera. The images were captured using an inverted microscope at 0 h and 24 h. The migration rate was quantified by measuring the distance between the wound edges using ImageJ software. 
7541
results are expressed as mean ± SD. Analysis of differences was performed with the two-tailed Student's t test and analysis of variance (ANOVA). P<0.05 was deemed statistically significant.
Results
XJR suppressed the proliferation of A549 cells
To determine the effect of XJR on A549 cell proliferation, a CCK-8 assay was used. As exhibited in Figure 1A , XJR suppressed the proliferation ability of A549 cells in a concentration-dependent manner compared to the NC group. To further confirm the inhibitory effect of XJR on the growth of A549 cells, a colony formation assay was used. From the results presented in Figure 1B , we found that XJR reduced the colony number of A549 cells, which was in accordance with the result of CCK-8 assay. Taken together, the above date indicated that XJR was able to suppress the proliferation of A549 cells.
XJR induced the apoptosis and regulated the expression of apoptosis -associated proteins in A549 cells
To assess whether the growth-repressive effect of XJR was related to apoptosis, Hoechst 33342 staining was used for observation. As shown in Figure 2A , increasing numbers of Hoechst 33342-positive cells were found following XJR treatment in a concentration-dependent manner. This indicated that XJR induces A549 cell apoptosis. To determine the apoptosis rate of cell, flow cytometry was employed. As presented in Figure 2B and 2C, the percentage of apoptotic cells were obviously increased following treatment with different doses of XJR versus that of the untreated group, and the high concentration of XJR exhibited the best inhibitory effect. Moreover, the expression of anti-apoptotic Bcl-2 protein was decreased in a dosedependent manner with XJR treatment, accompanied by an increasing expression of pro-apoptotic Bax, cleaved caspase-3 and cleaved caspase-9 proteins (Figure 3 ). These findings indicated that XJR induced apoptosis of cells via modulating the expression of apoptosis factors.
XJR impeded the invasion and migration of A549 cells
Invasion and migration are 2 key phases involved in NSCLC metastasis. To study the effect of XJR on invasion and migration of A549 cells, a Transwell assay and a scratch wound healing assay were performed. The results demonstrated that the number of invasive and migratory OS cells in the XJR treatment group was decreased notably versus the negative control ( Figure 4A-4D ). In addition, MMP2 and MMP9 were found to be involved in cell invasion, migration, and cell-matrix adhesion, especially in the process of cancer metastasis. Thus, we measured the regulatory effects of XJR on the expression levels of MMP2 and MMP9. According to the results in Figure 5 , the expression of the above proteins was downregulated in a dose-dependent manner. These data collectively indicate that XJR inhibits the invasion and migration of A549 cells. 
XJR suppressed the activation of p38 MAPK signaling in NSCLC cells
To further study the regulatory mechanisms of XJR in NSCLC, proteins in the p38 MAPK signaling pathway were measured using Western blotting. As exhibited in Figure 6 , XJR inhibited the expression of p-P38, p-ERK, and p-JNK in a dose-dependent manner versus the NC group. The results indicated that XJR suppressed the p38 MAPK signaling pathway to exert its effects on A549 cells.
Discussion
NSCLC is one of the most common causes of cancer-associated death worldwide. Despite great progress achieved in NSCLC treatment, the clinical survival rates of patients remain poor. Therefore, to identify effective therapeutic targets for NSCLC is urgent. At present, traditional Chinese medicines have received wide attention for possible use in treatment of many diseases, including cancers. It is well known that Chinese herbs exhibit strongly anticancer ability due to the many bioactive components they contain. It has been well documented that the Chinese herbal medicine Wenxia Changfu formula reverses cell adhesion-mediated drug resistance in lung cancer [19] . Fuzheng Kang-Ai decoction is a traditional Chinese medicine that can inhibit metastasis of lung cancer cells via the STAT3/MMP9 pathway [20] . In addition, accumulating evidence shows that Bu-Fei decoction can inhibit the progression of NSCLC [21] . Importantly, a previous study reported that XJR was able to inhibit the growth and invasion of tumor cells in H22 tumor-bearing mice [18] . However, the effect of XJR on NSCLC and its potential mechanisms remains to be elucidated. In the present study, we revealed the anti-NSCLC ability of XJR. We found that XJR could suppress the proliferation, invasion, and migration, as well as promoting apoptosis of A549 by blocking the p38 MAPK pathway, which demonstrates the potential of XJR as a new treatment of NSCLC.
Excessive proliferation of tumor cells contributes to the progression of cancers. Apoptosis is a programmed cell death that is involved in numerous physiological and pathological processes, which can help to safeguard genomic integrity. Our study results show the inhibitory effect of XJR in suppressing the growth of NSCLC cells through inducing apoptosis. Bcl-2 and Bax, 2 key proteins of the Bcl-2 family, play significant roles in the regulation of apoptosis as an anti-apoptosis genes and a pro-apoptosis gene, respectively [22, 23] . In addition, it has been well documented that caspase family proteins, including caspase-3 and caspase-9, are predominant factors in the apoptotic pathway [24, 25] . In our study, the level of Bcl-2 was downregulated accompanied with upregulation of Bax, cleaved caspase-3, and cleaved caspase-9 expression after treatment with XJR, which was consistent with many previous studies [22, 26] .
Metastasis is a hallmark feature of cancer and is becoming a serious obstacle in enhancing the survival rates of patients with NSCLC because of its high rate of distant metastasis [27, 28] . Accumulating evidence supports that the processes of cell invasion and migration are essential for cancer metastasis [29] . Therefore, interfering in these processes is an efficient strategy to control NSCLC metastasis. Our present study revealed that XJR inhibited invasion and migration of A549 cells. Mounting evidence supports that MMP2 and MMP9 are implicated in cell invasion, migration, and cell-matrix adhesion in cancer [30] . Our results show that the expression levels of MMP-2 and MMP-9 were markedly decreased after treatment with different concentrations of XJR, as demonstrated above.
Previous research suggested that the p38 MAPK signaling pathway participates in the process of NSCLC [31] . Inactivation of the p38 MAPK signaling leads to anti-proliferation and antimetastasis effects during NSCLC [13, 32] . In addition, it has been reported that activation of p38 MAPK signaling promotes invasion and activates MMP-2 and MMP-9 expression [33] .
Therefore, we were interested in exploring whether XJR protects against NSCLC. The results indicated that the phosphorylation of p38, ERK, and JNK were attenuated in XJR treatment groups versus control. Our study suggests that XJR is a potent inhibitor of p38 MAPK in NSCLC cells.
Conclusions
The present study demonstrated that XJR plays a crucial role in progression of NSCLC, which is closely related to tumor proliferation, invasion, migration, and apoptosis, and the antitumor mechanism of XJR may be by inactivating the p38 MAPK signaling pathway. Our results demonstrated that XJR, a natural compound derived from herbs, could be an effective complementary and alternative agent for the therapeutic management of lung cancer.
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